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ENGINEERING ROCK UNIYT.

wisitend ciisivad Characiar of Discorkinuhy TR
Roch [Set Faliors Machaniam' = - | Discontinuily Dip {degrees) " sl
Limi _ INymber! Plnar {Wedps [Topple {025 £5-50 150-78 |»78

iflmpagt -
£l Material
Orage -

ROCK UNITT:
Assign an arbitrary letter for each lithologic type.

SET NUMBER:
Assign a sequential number for each fracture set in the Lithol

CHARACTER OF DISCONTINUITY
FAILURE MECHANISM:

Mark the box which best describes the mechanism of failure.

DISCONTINUITY DIP (degrees): -
Mark the box which best brackets the majority otithe

PERSISTENCE

SURFACE FROPERTIES
Mark the box which best descri

| GRADE

: RO Indented by thumbnail.

 R1 Crumbles under firm blows with point of geologist hamme, can be

{ peeled by a pocket knife, :

:I R2 Weak Can be peeled by a pocket knife with difficulty, shallow indentations
N made by firm blow with point of geologist hammer.

| R3 Medium Sirong Cannot be scraped or peeled with a pocket knife, specimen can be

? fractured with single blow of geologist hammer.

R4 l Strong Specimen reguires more than one blow of geologist hammer to fracture.
R5 Very Strong Specimen requires many blows of geologist hammer tc fracture.

| Ré | Extremely Strong Specimen can only be chipped with geologist hammer.
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Description | Criteria for Describing Toughness

] ¥ LOW Only slight pressure is required to roll the thread near the plastic
] limit The thread and the Jump are weak and soft

| MEDIUM Medium pressure is required to roll the thread to near the plastic

} limit. The thread and the lump have medium stiffness. .
HIGH Considerable pressure is required to roll the thread to near thaiis
f Limit. The thread and the lump have very high stiffness.
7 ESTIMATE OF PLASTICITY ON SOIL PASSING THE #200 §
| PLASTICTTY

1) Describe the plasticity of the material in accordance &

| Description Criteria for Describing Plasticity

NONPLASTIC | A U8 inch diameter thread caf
LOW The thread can barely be rollod o
| When drier than the plastic
MEDIUM The thread is easy.to roll and notimuc
¢ . plastic limit, The: ired cannot bezerolled after reaching the plastic
L Hmit. The Jum® when drief than the plastic imit.

ing and kneading to reach the plastic

rolled several times after reaching the
can be formed without crumbling when drier

"; HIGH It takes cof

e according to the system presented in Appendix A.
M n be identified using the result of the descriptions zpplied from Dry

' SOIL DRY STRENGTH DILATANCY | TOUGHNESS |
' SYMBOL |

ML | NONE TO LOw SLOW TO RAPID | LOW OR THREAD

-; CANNOT BE FORMED

o | MEDIUM TO FIGH NONE TO SLOW | MEDIUM

M LOW TO MEDIUM NONE TO SLOW | LOW TO MEDIUM

CH HIGH TO VERY HIGH NONE HIGH |
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June 28, 1991 §13+1121~

Description | Criteria for Describing the Reaction of Pressure to the Dry Sample

: { NONE Crumbles into powder with mere hand pressure.

LOW Crumbles into powder with some finger pressure.

MEDJUM | Breaks into pieces or crumbles with considerable finger press

HIGH Cannot be broken with finger pressure. Breaks into pieces b
: * | thumb and a hard surface,

VERY Cannot be broken between the thumb and a hard suﬂaw
- | HIGH :

DILATENCY
1) Select material to mold into a 1/2 inch diameter ball, &4

W
2) Smooth the ball in the palm of the hand with a small sp;

3) Shake horizontally by striking the side of &he b
reaction of water appearing on the surfa? i

%&gg;oﬂ between the fingers. Note the reaction :

4) Squeeze the sample by dosing the hand o’r% !
Shion is the speed with which water appears while shakir:

accordance with the criteriz in Table 2. The
and disappears while squeezin

' Descripﬁon
IF ————
. NONE _

SLOW surface of the specimen during shzking
; ~aisappears slowly upon squeezing.

RAPID & ' __ter'a]::ﬂ]c:eag uickly on the surface of the specimen during shaking

Tranddis juickly upon squeezing.

TOUGHNESS _ :
1} Roll the test specimen into a thread about 1/8 inch in diameter on 2 smooth surface or between the palm
2} If the specimen is too wet to roll easily, spread the sample out and allow to dry from evaporation.
3) Fold the threads and reroll. Refeat untl the thread crumbles when reaching 2 1/8th inch diameter. T-

thread will cnumble 2t this diameter when it is near the piastic limit.

1) Ncte the smength and pressure reguired to roll the thread.
5} Lump the crumbled thread together and knead untl the lump crumbles.
6) Destzize the toughness of the thread in accordance with the critesa in Tzble 3,
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DESCRIPTION OF SOIL LESS THAN 3 INCHES IN DIAMETER

MOISTURE

Dry: No moisture

Damp: Feels wet but leaves no moisture on hands.
Moist: Leaves moisture on hands.

Wet: Can squeeze water out of specimen,

CONSISTENCY (ASTM D 2488)
Cohesive: Very Soft Thumb will penetrate soil more than 1 inc __

Soft Thumb will penetrate soil about 1 inch
Firm Thumb will indent soil about 1/4 inch
Hard Thumb will not indent soil but readike: dented with thGsabnail

Very Hard  Thumbnail will not indent soil

DENSITY (NAVFAC DM-7.1-17)Relative Density  Pocket Fe:
Cohesionless: Very Loose < 15 %

Loose 15-35% Easily excavated: hand shovel
Compact 35-.65% 2:Difficult to excavate: hand shovel
Dense 65 - 85 % " Loosen with pick to excavate: hand shove

Very Dense > 85 %

GRADATION :

Note the percentage of material (by weight) in the th EEiCa

> #4 Percent larger than ééafsimg (4.76 mmk: =

<#4 >#200 Percent smaller thanf€eiiave but largerithan #200 sieve (-074 mm)
<#200 Percent smaller t : :

FIELD TESTS OF SOIL PASSDP:
Select 2 handfw of soil and remov

articles Erger than the Ne. 40 sieve (grain sizes larger than about the size
of salt grains).

DRY STRENGTH#.

1)

2)

3} If the specimen contains 172 inch diameter natural dry lumps, these can be used in place of remolded balls
4) Test the ¢ry strength of the Jumps by attempting to crush them, using a rolling action, between the thumt

and forefinger. Note the sength using the critedia in Table 1 beiow:
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DRAFT MANUAL FOR THE DETAILED HAZARD ASSESSMENT DATA SHEET

WATER
1
e .ml |. . o, wlm -mlu abcm e, Waiss #mits & . e s::umoa dope subjected ©
Folly ralnwd siope gx:ril'-rm ufm":'um Suriace waler enters uppes betwasn o8 ANGAOP ] TOL hapvy surtace recharpe
slope st disance p! n%m siope it (4 X HL) Surtece water sntariy
bagk from loe. {8 x HL} skope ot (2 X
Select number of water condition displayed on the data sheet th t describes site

ENGINEERING SOTL UN'IT DESCRIPTION

e ek PN SReTT iuw Trats of SoR « A4 Sleve 47200 Sieve
Sob | Geolopic|Orgin | Thickness { Max, Pm:om - {Teuphnes [ Diasengy |Dry Pusticny  {Class bty
Unm Junr Stre (a3l Strength juses
|
|
| -
t
| |
SOIL UNIT:

Assign arbitrary letter that will rep

GEOLOGIC UNIT:
e lithologic unit that directly

ORIGIN: :
Note geclogic origi nit, e.g. Restduum, Colluvium, ete,
THICKINESS:

Give the best es

MAXIMUM SIZE:
Note the maximum size 6L ¥fragments greater than 3 inches.
PERCENT > 3 INCHES: .

Note the percentage of material (by weight) greater than 3 inches.

F=ERCENT < 3 INCHES:
;\ote the percentage of material (by weight) greater than 3 inches.
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GROUP SYMBOL GROUP NAME

5% T e Cwdand IsCey » OwW > < 15% snand ——w- Wel-grndod gravel
T A 215% sand ——» Woklgroded gravel with sand
Cured mendior 45Cesd e - ap \I- <15% sand —a——m Poody graded gravel
.
215% sand *- Poorly graded gravel with srnd
__________ v Neoa-ML oMt - = OW-0M =% (15% snnd ——— Woll-graded gravel with st
Gt A $iCe) T ' I8 sand —— - Woll-gradod pravel with sit and sand
: - o -GA, G, for CL-ML) ™ gw.oc <15% sand ———w Wal-graded gravel with ¢iay (or s¥ty clay)

e

Ghav -

-
R0 by '\

Yo gpivend >

e B
A 2157 sand ———r Wall-gradod gravel with iy and 3and {or skiy day
and 3and}

Cu<h nndior 1»Ceyl -

I

inos-M_ or M1
—

2% Moy LT
-%_____&_M_‘____

[0
fintos<CLor G

ol N

finea~CL-ML

" 3 MU or MI -

finos-CL, CI I, {or CL-ML}

—_—— - -
SC.SM T~

AL L ]
\ _________ Ane-MLor Ml ~—————__» gp.on = <15% sand * Poorly praded gravel with o
Cued andror 1>Ce>n =77 2ISY. sand *~ Ppory gradod pravel with sl mnd sand
"™ Mnes-ct, o, {or CL-ML) " OP-OC <™ <15% sand ——n Poody graded gravel with clay (or sky clay}
™ 215% sand ——— Poorly graded gravol wit c12y and 33nd {or sy day
and sand) .
e reenmeseee= =P INGSML o MH " oM . ¢!5% sand ———% Sy pravel
Sy 215 sand ———= Silty gravel with yand
> V2% inny e T ™ m0aCL or €1 QC "=/ <15% sand = Clayny gravel
R % S 215% sand *~ Clay ey gravel with sand
finoa-CLML — " e au =I5 «15% sang *" Sy, dtayey gravel
™ 215% sa0d " Sy, dnyay gravel wits sand
<5% Moy T 7T M 4y nnd 15Can S —ew —\: <15% sand ——" Woll-groded yand
' , 215% sand "= Woll-graded sand with gravel
Cuzf anddfor 15Cos) — *op -_\: <15% sand > Poody gradoed sand
215% xand > Poordy gradad sand with gravel
e ilr09- M, o MY T SWSM ST <157 sand T Well.oraded sand with sl
« Cuxh and 15Ce<) "'::-*——-‘__‘___.__ 2IS% sand " Wall.gradnd sand with st and prevel
fnag.CL, ClI, {or CL-M)  ~ ™ swsc o <15% sand """ Well.gradod sand wity day {or ity clay)
SAND 215% sand """ Woll-pradod sand with cfay und geavel {or skty dlay
Yenned: AT e 4oy fnny and gravel}
7= graval

strsm T: <15% sand ™" Poody gradod sand with sy

215% sand """ Poorly gradod snnd with st and grovel

<15% 3and "™ Foorly raded sand with ey (o ol ctay)

215% sand T " Poody graded sand wit diay and geavel {or altty day
and gravel)

—— —
sPsc 0

<15% sand - Slity aand

2157 sand "'__:_‘ Siity sand wiih gravel

<15% sand “““__ Clayoy sand

xt5% sand - Clayey sand with gravel
«<15% sand . Sihy. dayey sand

215% sand Siity, dayoy sand with gravel

5M

SC

FIGURE 2

FLOW CHART FOR CLASSIFYING

COARSE-GRAINED SOILS
DNR/SLOPE HAZARD/WA

HURLCT O, T1d 1121 pwn, HO, 25063 DATE tvonves DIRAWN ©a
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GROUP 5YMBOL
<30% plus He, 200
Pl24 and plots 7
+* on or above a
‘At lino
230% plus Mla. 200
<30"!-. plus No. 200
I L)
or plots below
“A”lino
& 230% plus. Mo, 200
v <J07% plus Mo, 200
Pl plots on of <
/( abovo A fino
v 220% plus No. 200
ol <
\ v <307% plus No. 200
A
P1 plols bolow
“A lino

230% plus Mo, 200

— ~—

—

: <15% plus No, 200
15-29% plus No. 200 <> % sand 2% gfavol —_—

& sand <% gravel -

- % sand 2% gravol »q:" <15% gravel ~—————9~

< z15% gravel ————>-
%% sand <% gravol -q_—;-:"“dS‘)’. sand ——————¥

215% sand —————

» <15% plus No, 200 -

* 15.29% plus No, 200 -—\—\* % sand 2% gravel ——w-

% sand <% gravol —

% sand 2% gravel -—<::: <15% gravel L
< ™ 215% gravol —————»
™ <% sand <% gravol -c:::“' <15% sand -

*215% sand L

~—* «15% plus No. 200 -
P

A~ l.; 29% plus No, 200 <™ % sand 2% graval
% sand <% gravel ———*

v % sand 2% gravel -qh_ <15% gravel ————"
2$5% gravel -

~ o sand <% gravel --:‘: <i5% sand —————*
™ 215% sand -

P

we—— ¢ 5% plus No, 200

TN i5.29% plus No. 200 %7 % sand 2% graval ——>
% sand <% gravel ~———*
%% sand 2% gravel mqk <15% gravel o

-
215% gravol —_—
& o, sand <% gravel -='<._ <15% sand ————*
215% s1nd ——

GROUP NAME

Organk clay

Organic day with sand
Organle cay with gravol

Sandy organic clay

Sandy organic clay with gravol
Gravelly organic day

Gravolty organic clay with sand

Organie sill

Organie silt with sand
Otganie siit with geavel
Sandy organic siit

Sandy organic st with gravel
Gravefly organic silt

Gravefly organic siit with sand

Organic day

Organic day with sand
Organic clay with gravel

Sandy otganic clay

Sandy organic ctay with qravol
Gravelly organic clay

Gravafly organic dey with sand

Organic sifl

Organic st with sand
Crganic silt with gravel
Sandy organk: sRl

Sandy organic siit with gravel
Gravolly organic sit

Gravolly organic sht with sand

FIGURE 1 b

FLOW CHART FOR CLASSIFYING

OR

GANIC FINE-GRAINED SOIL
DNF/SLOPE HAZARDAWA
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GROUP SYMDOL GROUP NAME
v <J0% plus No, 200 \T\:‘: <15% plus No, 200 » Loan clay
. 15-29% plus No, 200 =M %sand oY gravol ——w- Loan day with sand
PL7sined ploly = - g, 2 ~ % sand <% gravol ——» Loan day with gravel
on of abovo \ a v % sand 2% gravo) = <15% gravel = Sandy loan clay
A ling 230% plus No, 200 . 215% gravel = Sandy loan clay with gravel
% siind <% gravel 7™ <15% sand ——— Gravolly [oan day
215% sand + Gravolly loan dfay with sand
v <30% plus No, 200 *z::—: <15% plus No, 200  Sity day
) 15-29% plus No. 200 = % sand 2% gravel ——— Sty day with sand
45P1g and * CL-ML % sand <% gravel ——» Sity clay with gravel
Inorganic plots on or above v % sand 3% gravel =7 <15% gravel ———— Sandy silty cfay
A linn 230% plus No. 200 ‘<k 215% gravel ————» Sandy sty day with gravel
Ye sand <% gravol =" <15% sand * Gravelly shty clay
215% sand ———— Gravolly silty clay with sand
- v <J0% plus No, 200 — <15% plus No, 200 = Sil
lL<50 ) * 15.20m plus No. 200 Y: Ye sand 2% grave! —— Sill with sand
Pled or plots ————»= M % sand <% gravel ——» St with gravol
below A" finp v 7 sand 2% gravel ~—=—"" <|5% giavel *— Sandy silt
230% plus No, 200 < 215% gravel ———n Sandy silt with gravol
™ v sand <% gravel ~~———" <15% sand *~ Gravolly silt
2{5% sand ——r—— Gravelly cilt with sand
LL-ovardiiod
Organde] <o 70,25 =R O ———— 5 liguro 1b
|.L-0wt drind
v <¢30% plus No. 200 » <15% plus No. 200 » Falday
/ TS 15.20% plus No. 200~ % sand 2% gravel ——»- Fat day with sand
Pl plots on or - CH Y% sand <% gravel —— Fat clay with gravel
abovo "A” ling \,\ - 7o s0nd 2% gravel =" «<15% gravo! » Sandy Iat day
230% plus No, 200 < 215% gravel ~————-a Sandy fal day with gravel
Innrganic & % sand <% graval =" <I5%sand ——— > Gravely (3l clay
™ 215% sand » Gravolly fal clay with sand
»10% plus No. 200 . <15% plus No, 200 » Elastic silt
LL>50 /»—/ T 15.20% plus No. 200 \—\:: % sand 2% gravol ——— Elastic sill with sand
Plplols bolow ———" py % sand <% gravel * Elastic st with graved
“A” lino \ a - 7 8and 2% gravol S <15% gravet * Sandy clastic sil
230% plus No, 200 < _ 215% gravol ~————% Sandy slastic st with gravol
& % sand <% gravoel =TT <Y s ————— Gravelly efastic si
215% sand *= Gravolly elasitic sit with sand
LL-overdidod . FIGURE 1 da
Orgile veeeenee Ll 75— Ol ~————Saa figwo 1 }
" Nraraina ) ! FLOW CHART FOR CLASSIFYING FINE-GRAINED SOIL
DNFVSLOPE HAZARD/WA
PIOJLGY PO 9131021 OWG.NGL 23661 DAIE 4091 DIVAWH &1 Goider Associates
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Unlfied Soll Classillcation system rsmponent Delinilions by Gradation
Soll Ciess"-atlon
Comgponent Size Range
Crltarls for Anslgning Group Symbols and Hamoa Gonorsilzzd
: Group Doectiptions Bouldys Abovo 12in,
Cobbilos 3.0 1210,
COANSE-GIWNHED SOILS GRAVELS CLEAN GRAVELS GW Wall-groded Gravols -
Moto than 50% Morg than 50% ol Loss than 5% lines - Gravel 3. to No. 4 (4.76mm)
rotained on coarse {taction ap Poorly-gradod gravels Conrva grovel Jin.loIdin, -
Ho. 200 siove ﬁmi?"sd on Fire geavel ¥4in. to No, 4 (4.76mm)
0. 1oV
GRAVELS WITH FiES | GM | tavel and Sit Sand No. 4 {4.76mm} 1o No. 200 (0.074mm)
Moro than 12% lings Gravol ond Cloy Coarss 1and Na. 4 (4.76mm) 1o No. 10 (2.0mm)
GC I Mixturos Mogiumsand | No. 10 (2.0mm) to Mo, 40 (0.42mm)
- : Flra 2and No, 40 (0. 42mm} to No_ 200 (0.074mm)
SANDS CLEAM SANDS Sw Woll-gradod Sands
50% o rmurr_u of Loss than 5% fines Siand Clay | Smaller than No, 200 (0.074mm}
coarsn fraclion I .
passes Ho. 4 Sievo s Pootly-gradod Sands
SANDS WITH FINES sM | Sand and Sill Mixtures
Moro than 12% lines
sC Sand and Clay Mixturos
FINE-GRAINED SOILS SILTS AND CLAYS cL | Low-plasticity Clays
507 of MOIA PASS0S Liquid |Imll INORGANIC L o
the No. 200 siove less than 50 ML Plasticity Sfits
Hon-pl;as!lc ond Low-
ONGANIC oL lasticity Organic Clays
gon-p!pslic and Low-
laslicity Organic Sills
SILTS AND CLAYS . CH High-plasticity Cloys
Liquid Fimit INORGANIC
gtaater than 50 MIit [ High-plasticity Silts
High-plasiicity
ONGANIC ot | Omanlc Clays
High-plasticity
Organic Sills
HIGHLY ONGANIC SOILS Primarily organic matter, dark in color, and Pr Paat
organic odor o
k4
19
SOIL CLASSIFICATION/LEGEND
DNRASLOPE MWA -F




5 June 28, 1991 G-6 913-1121

{ INTACT MATERIAL GRADE

4 Indicate the grade, as listed below, which corresponds to the rock unit and set.

GRADE ROCK
"‘f DESCRIPTION
: RO Extremely Weak
_Wi R1 Very Weak Crumbles under ﬁrﬁfi’blows with pom\%si%%o]ogist hammer, can §
i peeled by a po%_ ife.
R2 Weak Canbe peeled bya o&e‘w'u.fe with difficulty, shallow indentafio
: made by firm Blowiith point of geologist hammer.
R3 Medium Strong Cannot be scrapedwo gled with a pocket knife, specimen can Y
frachn ed with smg]é%’i o of geologist hammer
R4 Strong
R5 Very Strong
) Ré Extremely Styong

Golder Associates




June 28, 1991 G-5 913-1121

USCS CLASSIFICATION

The soil material should be classified according to the system presented in Appendix A.
In addition, the inorganic fine grained soil can be identified using theégsult of the
descriptions applied from Dry Strength, Dilatancy and Toughness, s f2ble 6 below:

SOIL DRY STRENGTH

SYMBOL

ML NONE TO LOW 5 |
CANNOT BE FORMED |

cL MEDIUM TO HIGH MEDIUM

MH LOW TO MEDIUM LOW TO MEDIUM i

CH HIGH TO VERY HIGH HIGH |

ENGINEERING ROCK UNIT

ROCK UNIT:

NMark the box which best brackets the majority of the discontinuity dip direction into the
cut of feature.

PERSISTENCE
hark the box which best brackets the range for most of the spacing of the set.
SURFACE PROPERTIES

Niz-k the box which best describes the dominant surface texture of the discontinuites of
the set,

Golder Associates
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I 3) Fold the threads and reroll, Re[eat unti} the thread crumbles when reaching a 1/8th
inch djameter. The thread will crumble at this diameter when it is near the plastic
limit,

-
Ty

3 4) Note the strength and pressure required to roll the thread. _
B 5) Lump the crumbled thread together and knead until theg
- 6) Describe the toughness of the thread in accordance with the crite able 3.
| Description
LOwW Only slight pressure is required to m‘g‘ _
limit. The thread and the lump are weakand
MEDIUM Medium pressure is required to roll the threadito near the plastic
limit. The thread and thé/tim have medium stiffness.
HIGH Considerable pressure é%:: o zoll.the thread to near the plastic
4 limit. The thread and the%t; €Ty high stiffness.

Faomay

ESTIMATE OF PLASTIGITY:0 “SOIL PASSING THE #200 STEVE

PLASTICITY
3
1} Describe the plastid ¢ material in accordance with the citerdia shown in Tadie
-

Desc::phow iteria for Describing Plasticity _—)

NONPLASTIC
LOW

A 178 inch diameter thread cannot e rolled at any water content.

ne thread can barely be rolied and the lamp cannot be formed
when drier than the plastic Iimit.

MEDIUM The thread is easy to roll and not much time is required to reach the
plastic limit. The thread cannot be rerolied after reaching the plastic
limit. The Jump crumbles when drier than the plastic limit,

HIGH It takes considerable time roling and kneading to reach the plastc
limit. The thread can be reroiied severzl times after rezching the
plasdc limit. The lump can be formed without crumbling when drer
; than the plastic limit. ?

Golder Associztes




June 28, 1991 ‘ G3 913-112%

Description { Criteria for Describing the Reaction of Pressure to the Dry Sample

NONE Crumbles into powder with mere hand pressure. A,

LOW Crumbles into powder with some finger pressure.

MEDIUM Breaks into pieces or crumbles with considera

HIGH Cannot be broken with finger pressure. Breaks into p:ece Spghbween
thumb and a hard surface. :

i .34.""
VERY
HIGH

DILATENCY

1) Select material to mold into 2 1/2_ dir er if necessary until

2) Smooth the ball in the palm of theg:

Shake honzonta]ly byistilking the sidh f:the hand vigorously against the other
¢ ¢hesredction of water appearing on the surface of the soil.

SLOW ppears slowly on the surface of the specimen dm‘mg shaking
does not disappear or disappears slowly upon squeezing.
RAPID Water appears quickly on the surface of the specimen during shaking
and disappears quickly upon squeeznng.
TOUGHNESS

i Roll the test spedimen inte 2 thread about U8 inch in diameter on 2 smooth surface
or between the palms.

If the specimen is t00 wet to roll ezsily, spread the sampie out and allow to dry from
evaporadon.

Golder Associates
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(3

]

|

CONSISTENCY (ASTM D 2488)

Cohesive: Very Soft Thumb will penetrate soil more than 1 inch

Soft Thumb will penetrate soil about 1 inch

Firm Thumb will indent soil about 1/4 inch

Hard Thumb will not indent soil but readi dented with
thumbnail g

Very Hard  Thumbnail will not indent soil
DENSITY (NAVFAC DM-7.1-1 7)Relative Density  PocketiRenetrometer Pri Hedl Guide

Cohesionless: Very Loose < 15 %

Loose 15-35 % Easily excavated:
hand shovel )

Compact 35-65%
excavate: hand shovel .

Dense 65-85% .
to excavate: hand shovel

Very Dense > 85 %

Difficuldt to

Loosen with pick

GRADATION

2 )
5 . -¢F% ' .
Note the percentage of ~ )_g(b%y weight) ingthe three categories:

> £4 Percen‘_{

3

¢ (4.76 mm)

<#4 >#200 Percent #4gsieve but larger than #200 sieve (.074 mm)

<#200 Percent sma n #200 sieve

FIELD TEST {G 40 SIEVE SIZE

Select:3 han nd remove the particles larger than the No. 40 sieve (grain sizes
larger thaty dbout th of salt grains).

DRY STREN

1) Select eno?;gh material to form a 1 inch diameter ball and mold the material untl it

has the consistency of putty, adding water if necessary.

2) iake 2t least three 1/2 inch diameter lumps and allow these specimens to dry in air
OF sun ensuring that the drying temperature does not exceed 60 degrees.

3 If the specimen contzins 1/2 inch Giameter natural dry lumps, these can be used in
vlace of remolded balls.

|J\'

est the dry strength of the lumps by attempting to crush them, using 2 rolling
100, between the thumb znd forefinger. Note the strength using the criteria in

Golder Associates




DRAFT MANUAL FOR THE DETAILED HAZARD ASSESSMENT DATA SHEET

WATER
Select number of water condition displayed on the data sheet that best describes site.

) ENGINEERING SOIL UNIT DESCRIPTION

SOIL UNIT:

GEOLOGIC UNIT:
Note lithologic unit that directly underlies the soil
ORIGIN:

Note geologic origin of soil unit, e.g. Ry
THICKNESS: |

1g€iaf material (by weight) greater than 3 inches.

DESCRIPTION*OF SOIL LESS THAN 3 INCHES IN DIAMETER

MOISTURE

Dry: No moisture

Damp: Feels wet but leaves no moisture on hands.
Moist: Leaves moisture on hands.

Wet: Can sgueeze water out of spedmen.

Golder Associates
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DETAILED SLOPE
HAZARD ASSESSMENT (Alternative #2)

(Se# Manual for explanation)
Assessor Néme Date

1. LOCATION OF DESCRIBED SEGMENT OR FEATURE
Township Range

Seclion ——— Segment No. Site No.

2. WATER (Circle Number Corresponding to Condition Closest to Those Observed at Site):

1 2 3 5
ERet %-P : R
B i W SRR S S -
Fully grained siope Water emiis trom 108, Water emius above o, Waier amits abaut hatiway Sawraned slope subjeciad Io
Sutiace waisr enters upper Surlace waler eriers upper berween o8 and wp of cun. heavy surtace recharge
slope a1 distance ol B x Height  skope (& xHL} Surtace waier eniers upper
back from 1oe. (& x H1) s0pe cul (2 x HL)
?.,1 Daseriplion of Soll <3-inch Diamstar. = |Fiatd Tasts of Soil « &40 Sisve <k200 Sirve
Perce l it} Moisiure | Consisiency Dansiy 1! Touphnass Diatancy |Dey Piasiichy  {Clsa¥y
Unis [Unz 5z |s2* <2 L |« 452200 o2 200 Suenpih USCS =
! |
f | | f !
I | | | I !
I i | | | I
4. ENGINEERING ROCK UNIT
B | Characiar of Dizcontinuhty |Surace Properties - o e limeet
Rook P : 2 .

Failure Mechanism - :lDis:na:inuiiy Dio (oegrees) =t | Petsistence {ieen) LR M St s e el
Pianar {Wecoe IToonle j0-25 125-50 155.75 1575 <10 10.30 {»30 Smooth'Sneared IRousk 1V Bovshireaylar Grage
I | | { i ! i |

Sei
Units  INumzar

[
l
I
{
|

| | i
i ] I ! | | ! | |
| ! I I } I i | I
i { f i 1 { | ; }
t i I | i i ! | I
I | i { ! i I | !

I
i
]
L

5. ATTACH PLAN MAP AND CROSS-SECTIONS
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(See Manual for explanation) ( )
Assessor Name ' Date
1. LOCATION OF DESCRIBED SEGMENT OR FEATURE
Township Range Section Segment No. Site No.
2. WATER (Circle Number Corresponding to Condition Closest 1o Those Observed at Site):
1 3 4 5
ry ; : 3
i R T aman R B A S 35:1.-‘.» ey "‘9?3“-'5"\"4! R, prs §
Fully drained siope Water emits {rom 1oe, Waler emils above 14, Water smits abour haltway Sawrated siope subjecied
Surface waler eniers upper Suriace waler emers upper balween 1oe ane lop ol cut. haavy surisce recharpe.
siope &l disiance ol B x Height  slope a1 (4 x HL). Surlace waler enters yppet
back from toe (8 x ML), slope cut al (2 x HL).
3. STRENGTH
Geologic Unlt Assoclated with Soll
Engineering Soll Unit (Average Over Segment, Seclion or Site)
Origin '
- Estimaled thickness H.
Maximum Fragment Size in.
Percent > 3 in. <3in.
Description of Soil > 3 in. Diameter (Circie One):
Moisture’ Dry Damp  Mois! Wet
Consistency {Cohesive) V. Soft Soft Firm Stift v, Stiff Hard
Density {Cohesionless) V. Loose Loose Compact Dense V. Dense
Estimaled Gradation % > #4 sieve
% < £4 sieve > #200 sieve
%e < 7200 sieve '
Field Test on Soil < #4 sieve (425mm) (Circle One}:
Toughness None Slight Medium High
Dilatency Quick Slow V. Sipw None
-Dry Strength © Noneg Slight Medium High
Piasticity (< #200 sieve} npl bpl apl
Unified Soil Classsification:
Engineering Rock Unit {Average Over Segment, Section or Site)
Voifeina s Characier of Disceminuky - |Suriecs Propariies . ‘Hmtast
'Roz  |Ses Failure Mechamism | Diszontmanty [ (ceprees) Fersistence {leed) Maisrial
U-#e  ihomnael Pia=ar I1Wedoe {Tossie 10-23  |25.50 [50.78 [>78 <1 NG-30 1530 SmacthSneared (Ravek 1V Royshimesyla: 1 Grage
! ! i f ! ! ! i i | ! ! : ! :
i ! i ! ! i ! ! ! i l ! | i
! : i : i ! ! i | i i : ! ] !
i } 1 ! : i | i | ! i i | . !
' ! } i ! i i § i i i I { |
! ! : i | ! ! i ! ! { ! '

i
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Zero order basin: A slope unit that joins a slope and a stream,
conjunctive area of hill-slope and fluvial process, an area where

Golder Associaies
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subsurface storm runoff
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~fill. Usually not allowed on;

June 28. 1991 | E-S | 913-1121

Full Bench: Practice of constructing a road prism entirely as a cutslope. Usually used
where earth fill slopes will not remain at an angle corresponding to a 1.5H:1V slope or rock
fill slope will not remain at an angle corresponding to a 1.25H:1V slope.

Landslide: A general term for a variety of mass movement types tha
transport of "naturally occurring” earth materials. The term describe
movement which may or may not inctude actual sliding as a me

1 Folve down slope
several types of mass
gspifor ground failure.

Mass Movement: A progressive process in which the shear strength of 4
relative to the shear stress until resisting forces are less the driving forses:

Right-of-Way: Land, property or property interest,
devoted to transportational purposes. ' 4

" Road Prism: Portion of the road right-of-way that conts e area used to construct the

cutslope, roadbed and fill slope.

Rock {engineering): Reserved for ea .
moving equipment. Note: Usually mus
excavation.

fwhe cannot be excavated with earth
S .
wbull dozer tongs or blasted during

Self Balanced: Constructioniiactice where" aterial from the cutslope can be used for
the road fill. @

Sidecast Construction;;

_ g excavated material by incidental or deliberate
spillage, bladeing or end;

ng during road construction and used as part of the road
pes steeper than 35 percent.

Slope Stabili dition of a natural or constructed slope describing the resistance to
failure. Note: This'ls often evaluated by applying mathematics to model the mass
movement or to mode] site conditions and arrive at a relative "Factor of Safety.”

Soil (engineering): The Unified Soil Classification System defines soil group names by
material grain sizes that are less than or equal to 3 inches. Note: The term "soil” can also

include material that can be excavated with earth moving equipment and placed in regular
Lits during construcdon. '

Subgrade: The top surface of the roadbed on which sub-base, base, surfacing, pavement of
Javers of similar layers of materials are placed.
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The numbered locations shown on the sketch are listed below:

. 1.) ridge top

. 2.} midslope
. 3.) valley or drainage bottom
. 4.} lower slope break

. 5.} upper slope break
. 6.). plateau
. 7.) side slope adjacent to Stream

General Landforms (FIGURE 2)

Slope Shape (FIGURE 3}

The road prism shape will help determine the geometry: site. the numbers indicated
on the typical section are located at the position on the s]é f

Ope Ofsthe required measurement,
The actual measurement or estimate of value should be ihdicated in the blanks on the
right hand side of the page.

Road Prism Shape (FIGURE 4)

Many factors relating to the cpresent, should be estimated. These include,
the 2pproximate year that csting faﬂureﬂi;_ﬁﬁaﬂy occurred, length, widih and average
depth of the materia] in%s Fed i5imovement. The failure type should be entered for the
corresponding locatic; : I where the failure is located. The main material
type and mechanism af n theideft hand side of this section, Select the number that
g.material (at the fajled surface) and mechanism,

Coliect Site Sp aC Information
Assess Need for Geotech:ﬁca]/”ﬁxperts Input

2. DEFINITIONS
Colluvium: Earth materia) that has moved or deposited mainly t} rough forces of gravity.

Debrs: Zarth matesal composed various mixtures of soll, rock fragments 2nd Tganic
Tatenial. In construcdon, 2l non-usable natural materia) procduced by clearing, grubbing or

- Golder Assoclates



.2.2.1 Location of Site
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2. DATA COLLECTION

This section is intended as a supplement to help further explain the items included in the
hazard assessment data sheet.

R

The location of the described road segment or mass movemen h:re mileposts that
bracket the feature, elevation and reference maps are needed to help tratizheusite location.

2.2.2 Site Hislory

It is important to track site construction and repaifi
priorities may be improved and logging and constru
improve adverse trends. Enter the following informatic

*

.Road Construction: apprgXmate year that th
(first cut and fill on slope

. Past Wildfire: year or years
site.

. Road Construcioniype: crcle one or more descriptions of the construction

i e . .
crig road segment or at site, or list other.
SRR

tenance History: Years or average frequency that the listed
ce occurred, or list other. ' :

i3
This portion of the data sheet is intended to provide information on the Jocation and
severity of the slope condition. The number(s) corresponding to stability feature from the
list on the right should be placed next to the road prism locations listed on the left in order
to match the appropriate feature with the correct location.

2.2.4 Geometry
This secton is included to provide in formation on the relatve slope position of the site,

rozd prism shape, geometry and type of failure. In order to indicate the correct Jocztion of
the site, circle the numbered location on the profile sketch that best shows the location.
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(TABLE 1: Selection of Landslide Types from Varnes (1978).}
1.4 General Indicators of Mass Movement

Mass movement is influenced by many site factors however, most o can be related
one of the three following characteristics:

. geometry of the failure mass
. pore pressures at the failure surface
. strength of the material

The actual parameters defining these site features areot!
studies of mass movement. The reliability of the assessme
level of quality achieved in collecting site parameterséig;
the more reliable the assessment.

_g_ubject of great effort in
ftiof slope hazards hinges on the
rer words, the better the data,

Several tools are available that have pro;?g*fi%us_e_f_ul for indicats

ove g potential or existing slope
hazards. One must be familiar with tﬁéﬁ&e@iﬁpggﬁcaﬂy focus attention on the arez in
terms of mass movement processes. In theie fﬁiéev«gpné’“‘gg a field oriented evaluation, one
can use several tools to help in this "attenGBrif6ausing process. Such tools may include air
photos, topographic maps, geologic/so%azaﬁ' aps and literature or information on file.
One showld not forget thatothiers, such as roadsmaintenance crews, may have experience

i ablednsight about tﬁ%"ﬁiﬁrea in question. Though after some field

of thesestools may seem repetiive it is stll considered 2
2hE ations,

experience is gained the
necessary step prior to

3 ¢ in the field can help an assessor to key into mass
movement processes that ma‘ymea L With-in the road prism, surface erosion, ravel,
crainage cohdifipnt.and evidenée'of movement can indicate mass movement. On
und:slope shape in terms of concentrating surface water, hummocky
topography, spri page and vegetative cover may help to indicate areas where further
' viany of the important features considered essential to slope hazard
chifded on the data sheet and are further explained in Section 3 of this

Several general observations:

assessmen

cuide,
1.5 Collection of Data

The collecon of information for a slope hazard assessment can be accomplished at sites of
existing fatlures, along designated lines, such as rozds and in larger areas, to assess failure
potentizl. Information collected at existing failures can help in the design for fixing the
proolem, 2nd can be stored for use as 2 history tracking system. Information from
designated rozd segments or areas can help to delineate regions that require more intensive
efiort. Data from "undeveloped” areas can help the land manzger make decisions for long
range pianning.
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MANUAL FOR THE PRELIMINARY SLOPE HAZARD ASSESSMENT ON
FORESTED LAND

REVISED June 28, 1991

1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this guide to slope hazard assessment on foreste _
of information necessary to evaluate potential or existing slope hazards

We have assumed that collection of information
levels. First, the site or area under cons:dera'con wz]

under consideration will be ranked by
the consequences. If the consequences
then a data collected

vill Jead the assessor o an analysm of
o-have a high level of importance

creases relztive to the shear stress until resisting forces are less
A "landslide” is a general term applied to a variety of mass
movemerit yoes thatinvolve down slope tTansport of "naturally occurring” earth materials.
"Landslide” iric) evera) types of mass movement which may or may not include actual
sliding 2s a mefhanism for ground failure. The term "slope stability” covers a condition
cescribing the resistance to failure of a2 natural or constructed inclined surface.

1.5 Landslide Classification

The classificadon system presented by Varnes (1578) is depicted by 2 selection of figures in
Tevle 1. This classificaion system helps to define the type or types of movement and
enerzl matenai invoived zt the time of the failure. The primary category for classification
"‘}‘ »e of Movement and Type of Material is 2 secondary category. It is important to note
tine fpe of movement relates to the motion of the failure mass and the t type of material

ased of the state of the materiz! mass before the inidal movement.

2]

W

rt b

:,”, £

1
2
j
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Existing Faliure;
" Failure {Yr.) Length . width
Failure Type(s) (Indicale Numbered Selection from

Material/Mechanism Lists):

fl. Average Depth of Scamp {Pempendicular 1o Siope) —_11.

Potential Selectio > (MatMech)
ion
oe.n e . : —L— Natural Siope (Above Road)
Maleria) Failure g Cut Slone
_ Type Mechanism -*,— . p
A. Rock 1, Falt —_[_ D-ﬂCh
B. Soil 2. Fiow Fill Slope
C.Debris | 3. Slide —L— Natural Siope (Below Road)
4, Topple
5. Avalanche
5. WATER
Surface Flow (1)
e @

¢
Cut Slope |

Flow (3)

Suriace Water
Seepage (4)

Neares! Established Channe!

Circle Yes/No or
Estimaled Measuremen
by Numbers indicated:

Y /N (1)

~ . Fiow Direction

| of Distance 1o Stream {9)
8
m__® |
~J
|
|

Fill Slope

/Seepnge (10)

~
~~
e

~
S

Blocked Drainsge Ditch (5)
Blocked Culverts (6)

R

e

Original /

Ground Surace

6. STRENGTH

Y /N (2)
Y /N {3}
Y /I N {4)
Y LN (5
Y /' N (8)
Y I N (N
Y I N (g)

fi. ()
Y /N (10)
Y}'N(ﬁ)

-

Soil Compaesition (Circle if Present, Give Perceniages if Pogsible):

Rock Fragments Se  Sang Size Fraziion % SilClay Size Fraction %%

Fill Composition {Ciralz if Present, Give Perceniags if Pogsible)

Rock Fregments %  Sand Size Fraction % Sil'Clay Size Fraction %  Qrganics Yo
Rock (Zircle Onel: Mazsive  Moderzie Fraciening  Hsavy Fracturing

Siasiing e Ricoczdis S5 xtaveaies Ve

gay [
i

'S/'d e Two
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Sketch of Road and Segment '

PRELIMINARY SLOPE |:>rFe:—nurel.c:\f;am:snmS.ec:tzon_1
HAZARD ASSESSMENT

(See Manual for explanation)

Assessor Name

Date Weather Condilioné -
1. LOCATION OF DESCRIBED SEGMENT OR FEATURE

Road Number/Name

Milepost or Milepost Starl and End

Elevation {{1.- msl)

Relerence Map(s) or Other Reference Name i

Township Range
Section Segment No.
2. SITE HISTORY
Onginal Road Constr. (Yr.) Road Reconstr, (Yr.) Past Wildfire {Yr.) Logging (Y1) eo— oo
Distance 1o Timber Cut {up slope) ——— L (down slope) ————1iL
Road Construction Type (Circie one or more):
Drill and Blast Reinforced Earth Fill Through-Cut Sidecast Full Bench
Embankment Fill Self Balance Light-Weight Fill Stream Crossing Other (attaﬂ
Road Maintenance History (Indicate Year(s) or average years between activity): description;
Ditch Clean-out Subgrade reinforcement Resuriacing Fill repair
Regrade of Road Culvert repair/reptacement

Cutslope repair Other ...
: {attach des

3. CURRENT PERFORMANCE IN ROAD PRISHM {indicate Numbered Selection(s) from List):

-  Number(s}

Potential Selections List Natural Slope (Above Rd.}
1. Sigble 6. Blocked drainage ——— Cut Slope
2. Organic decomposition 7. Tension cracks — Diteh
3. Surlace erosion 8. Subsigence — - Running Suriace/Roadway
4. Surface ravel ¢, Slope failure {See 4.) — Fill Slope
5. Poor drainage 10. Other ~ Subgrade

Natural Slope {Below Rd.}

4, GEOMETRY 2 3
General Landiorm (Circle @ @
Approxirmale Posilion{s)

of Road on Landscape):

Slope Shapes
(Circle One):

r

Road Prism Shapes (Indicate maximum values * )

.0,
{,

Ralisvamerc, Y, Mewmaliy, K 1865
* Estimated Measurements by

Numbers Ingicated: —ts (T

k(=

| % {&

\ T % (450

: I b {E

Siope Aspect (Circle 1 g _ | (8) (&
Correst Combination): EwW il RN ’ “ (T
tiaximum Road Grade (Circle One): oisnat <o) —n (s
0-5%, 5-10%, 10-15%, 15-20% Ground Suriaze e (€
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INTRODUCTION

The Sediment, Hydrology and Mass Wasting Steering Committee {SHAMW), with the
Department of Natural Resources (DNR) acting as the contracting agengy, entered into an
agreement with Golder Associates Inc. to provide guidelines for the eyfiii#tion of mass
movement on forested land. - Our proposal dated January 25, 1991, 24
and philosophical approach to the project including the delineatidr
phases. Phase 1 was proposed to consider primarily the develops :
slope stability hazard assessment. Phase 2 of the project was intended to%
verification method for the assessment methods and to de¥elop a dedision ar
methodology.

This draft report presents the resulm of the Phase st ; akes recommendations for
2 place between Golder and
various SH.AMW DNR and forest company representah

st must be recognized that
certain deczs:ons with regard to the style and degree of mﬁ%mentabon of the

goade by the ultifiate users. Within this report
/'DNR is required to select among

viable alternatives before the final prod
The specific objective of Phase 1 of the projecta

“identified in the agreement was "to
provide methods to identf ATy

ndirate potent\e specific slope stability problems
associated with propos =g forest roads, i including an objective and accountable
methodology for colleg

'“*nzmg road system information that encourages
preventive road manag
we have:

e prehmmary slope hazard assessment data sheet and manual
ed slope hazard assessment data sheet and manual
ndations for implementing the assessment

For ease of re ; the report has been structured so that Sections 2 and 3 summarize
background infofmation collected from an extensive literature search, by way of an internal
technical forum, and through interviews with forestry personnel. Section 4 describes the
rationale behind the development of a two stage slope assessment methodology. Sections 5
and 6 deal, re5pecbve1v, with the preliminary and detailed slope hazard assessments.
Section 7 summarizes several alternatives for the application of decision analysis technigues
to the preventive maintenance of forest road systems. A work plan for Phase 2 of the
project is outlined in Section § while Section 9 summarizes the salient points of the Phase 1
study. Supplementary data and draft assessment sheets and companion user’s manuals are
contained in Appendices A through G.
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2. RESULTS OF TECHNICAL FORUM .

A technical forum involving 14 partidpants was held in Redmond, Washington, on May 6,
1991, and included SHAMW members, a representative from the Washj ton State

Department of Transportation and Golder project team members. 5ain topics covered
during the technical forum included: 1) SHAMW goals for implem, ntne a hazard '
assessment system and 2) operating requu-ements of a system developediby Golder

Minutes of the meeting are presented in Appendix A. @9

Based on discussions at the forum, it was stated that a pfsn
developing a hazard assessment system was to have a "“'f;cna.l and tech.mcally defen.sxb]e
methodology for forestry road managers. After imple ggm.and subsequent to the
inevitable slope failure, the managers will have a ¥ and trackable system for the
dedisions which were taken relative to the site which X enced the failure. Some of the
secondary objectives for the hazard assessment system wiu were discussed included the

following: e x{ﬁp

+ Apply to old and new road sy te

iated parameters e surrogates) for all
‘ mtsﬂg{l‘he mventa-'y must be flexible enough to be _
em t 2 variety of scales (eg. specific road, drainage basin

*  Direct road managers to give greater attention to }uvher "risk" road segmments (i.e.
targeting ,u.nct:on)

in addition, the vldmate system was to be funcional, user friendly, verifiable and have an
expzndabie data base system that could be readily updated. It was agreed that the system
would exciude road constructon or material source Qevelopnem
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The SHAMW comumittee representatives at the forum also developed the following
prioritized list of consequences that should be considered in a dedision analysis system:

« Environmental: proximity to streams, wildlife habitat, fish species (ranked),

botanical species, type of material, existing stream quality, ' category and
fisheries.

SHAMW members’ technical and pro‘fessild-"‘“

discussed at the forum. 'Ihegiﬁ*ter\uews woils @romote 2 discussion of the needs for a 510pe
hazard zssessment syste Hteimethod of m%lementaton
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3. SURVEY OF TECHNICAL STAFF AND LITERATURE

31 Interviews

Golder conducted 2 survey of eight representatives of companies driagencies involved with
forest management in order to help compile a list of data that gk :

preliminary slope hazard assessment. Golder drafted a list of qUestionS<éhr
help guide the discussions with technical personnel representing Crown P Gok epartment
of Natural Resources (DNR), Weyerhaeuser, Plum Cree Slimber and U.S. FBrcst Service.

5 .Kfq.p

Dunng the interview process, the following advan' 2

Scme

+ Not zble to improve on current methods for preventing or fixing stability
oroblems.

-+ Very difficult to collect the necessary data to build a2 comprehensive dzata base.

+  Risk’nzzard radng system woulid supply the re c"ula+0's with more ammuniton 1o
“nammer” er, at 2 minimum, siow cown the industr

ators who use such 2 system may be inexperiencec and
sem DE'\-’O"IG the confidence of the L'I'I‘DLI dasa.

mc,a
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A summary of the technical forum and the responses to the interviews was presented by
Golder to the DNR annual engineering meeting on May 23, 1991 held at Winthrop,
Washington. One of the key observations at the meeting was that the inventory aspect of
the project would be very beneficial to forest road managers in that it would document

historical events and systematize the collection of basic data relative _
along forest roads. Concern was voiced about the decision analysjs

that the regulators might rely totally on the recommendations ¢
not have the flexibility to make independent site specific judgefiie

he hazard potential
bect of the project in
y the system and

3.2 Literature Search

In addition to the interviews, we also completed af it
mass movement on forested slopes in the Western Un
further enhanced our understanding about the site chizach

.
movement on forested slopes. In summary, the followings
the literature: >

eview of studies dealing with
tes and Canada, This review
istics that influence mass

nt points were derived from

» Descriptions of several studie

: gies,of landslides on forested land and
the conclusions concerning the<gecisy

enicevand resulting changes to land

pt alternative systems of zonation,
ystems’ validity, verifiability, replicability, flexibility,
value, ime and costs ;
produce results, appraise potential for adapting to GIS, explain changes to
nation system.

»  Currénf'methods used by the Washington State Department of Transportation to
identify and mitigate slope hazards, including the data sheet used for input into
the expert system depicted on the system flow charts.

* A reference to 43 landslide inventories in northern California, Oregon, Idzahe,
Washington and Canada. Topics included:

- Arez involved in landslide

- Amount of shiding occurring as a result of roads and timber harvest
- Opportunities for control

- Methods for quantifying potential

- Impacts and recovery from mass movement

- Recomumended database needs for future landslide inventories

The compiete listing of our literature review is included in the bibliography of Appendix C.
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4. DEVELOPMENT OF FIELD ASSESSMENT METHODOLOGY

4.1 Assumptions

In order to develop the field assessment methodology, it has beend sary to make
multiple assumptions with regard to the nature of the road systerns:
the magnitude of stability problems, the types of available data’and theyz
of the field personnel who will undertake the assessments. The assumptibgisawh
been made are based on our understanding of forest prattices gained from the'interviews,
our previous experience and the technical forum pro e key assumptions are

discussed below: o

*  Qualifications of Field Personnel: It js expect ithat personnel forming at least
two levels of expertise will perform field assessments, For the purposes of this
program, we have deerned these individuals as "E6) vwfﬁﬂists" and "spedalists”. The
generalist is defined as a perso Giey extensive forest road experience, usually in
a maintenance capacity, but usualyiwithiout formal training in the geological or
geotechnical fields. The specialisticat Sresents a geologist or geotechnical
engineer with suitable expeﬁen&% e’evalliation of slope stability for roads.

- Character of Roa@'System: Field 2ssessment data will be collected along linear

HdGtedn the form of e¥isting roads or P-lines for proposed roads.
& Follected in a2 fraditional plan-view mapping format for
it work

graphic, climztc and other data bases are anticipated to
sloped. It is assumed that this information can be
"office analyses” and no effort has been made to

The objectives of'the field assessment stage are as follows:

- To systematze the data collection procedure so that data quality is as uniform as
possible.

» To collect geotechnical datz in 2 "swrogate” form appropriate to the quelifications
ci the field personnel

- To facilitate implementation gt whatever level the agency or company desires
(specific road, drainage basin, district etc.)
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« To act as a targeting mechanism so that attention is directed to those critical areas
requiring more study.

Ttiary assessment is intended to be a
rap1d evaluation exercise of a general roadzsy; tei %mded into relatively large segments
and to be carried out by generalists, The p:ﬂ:.mmary assessment will serve as a screemng
mechanism for a large a gzﬁi‘-_s arget those critical areas that require more
study in the form of a de»aﬂ_ istability assessment. The latter would*be undertaken by

specialists and would thorough evaluation of segments or Sub -segments
defined in the preth
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5. PRELIMINARY SLOPE HAZARD ASSESSMENT

The purpose of preliminary slope hazard assessments is to provide asystematlc approach
for non-geotechnical personnel to collect information relevant to f
performance, site geometry, water conditions and material strength
assessment is assumed to be carried out by field personnel with h {
geology or geotechnical engineering. The information will be LECOTARC
slope hazard assessment data sheet, Appendix D. This data is Ge fgn

ensnng/proposed road segments or at specific failure sites. The informat®
“screening tool” to help concenhate the efforts of land m ers, maintenarcgoperations

and geotechnjcal specidists to areas of historica or partict arlz high hazard. itis our intent
to use the preliminary information to provide a rann"x?ta' eagliisite or area derived from
weighted values applied to specific items of the dats

il serve asa

Thefirst draft of the data sheet was presented to the §H _,_f technical forum on June 14,

1991, to discuss the content of the data sheet, possible unprqggments and areas for further
work :

vary slope hazard assessment user’s
p

We also began to draft pertinent sectio
Tekinal-drait of the manual will be provided

manual that will accompany the data sheet:
after the preliminary data sheet has been iz d. An outline for the preliminary slope
hazard assessment data sheéffiisers’ manual uded in Appendix E. We expect the
preliminary data sheet ook d after thesesults of the "field test case” are cornpiled
during the second pheseint thi . '
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6. DETAILED SLOPE HAZARD ASSESSMENT

6.1 Objectives

The purpose of the detailed slope hazard assessment is to prova S -comn on evaluation
approach for a “specialist” trained in earth science or geotechnjéaleng
will be collected from areas or spedfic snes, and used to dete mine t‘ne ,

*

Easily obtained background information 4
Existing site specific information

ow
e
g.'.:r‘
@ fe
Q n
23
B
5 g
N
S
A
g
[+1)
g
3

one or more methods of slope hazard mn:é &
proposed detailed assessment; for refereng:%%se
Slope-Stability Hazard Zonation Pilot Proje

'. ese guides have provided a basis for the
Rgad;Stirveys - Information Needs and
raft w%rk Plan by Brunengo, 1990

aent data sheet is supplied in Appendix F.
ual is incliided in Appendix G.

" to the typical cross-section for a field designatec road segment. In
ata is collected in a more traditional plan-view mapping format.
discussion which follows these approaches will be termed the

p” formats. The concepts and advantages and disadvantages of each
d in the following discussion.

"Cross- secn y
format are prés

6.2.1 Cross-Section Format

Using the cross-section format, the detailed hazard zssessment methodology would be an
extension of that for the preli:m‘nary assessment. The implementation is envisioned as
fclows. Based upen the pr emeary assessments, a series of road segments are targeted as
"nigh" hazard intervals requiring further study. This would trigger the detailed assessment
to determine the relative priority of the vardous segments and to plan cost-effective
remedizfion strategies. After review of the preliminary assessments and any avzilable
'kg*o"“ﬂ information, the spedialist carries out a field evaluation of each segment. The
ini al focus is to review the zpproprizteness of the segment definiton. If unsuitable, the

l‘;'
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specialist subdivides or otherwise reallocates additional subsections and compietes a
preliminary hazard assessment sheet for each new subsection so defined. The reallocation
would probably relate to the spedalists” better appredation for the aerial distribution of
contrasting geologic units which the assessor should document by wa oof a corridor map
for the road segment. For each of the new subsegments, the specialiétiezthers speaﬁc

presented in Appendix F, Alternative 1. The spedialists” skills w g b
certain field judgemenr.s as to the controlhng strat:grapl-uc, ge’i’iby

failure modes. These probabﬂmes are then ana]yzed i

-

consequences of failure to determine the "risk” of failiu

investigation. The spedalist will use any pe_‘xéi, et T Srmation on the preliminary hazard
assessment forms, however, the SpEC'la.lSt wﬂ%e free to disregard the previously selected
segment boundaries. S

This format requires ori:

ilar engineering properties), surface hydrologic characteristics and
: rly those related to s]ope sta'ba.hty During t.hls process information

detailed assesst heet for the map I'O'mat is gnven in Appendix F as Alterna‘ave 2.

After the field datz have been acquired other pertinent information such as other geologic
mapping date, climatc data, and vegetation mapping will be overlain on the field mapping
czta and road segments will be defined based on the similarity of hazard conditions (this
may zlso be defined in the field based on the mapped data alone). Once the segments are
located, reoresemative cross-secions will be drawn for each segment. This data can then

2e entered into 2 datz base and reladve fallure mode probabilities determined as aescnoed
in Secdon .21,

L
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6.2.3 Discussion

The advantages and disadvantages of each format for the execution of detailed slope hazard
assessments are presented below:

Cross-Section Format

« o}

« Advantages

- Segment allocation is correlative between
-assessments,

riated evaluation.
- Field assessment is rapid and many key dedsipns, are made in the field.

+ Disadvantages

dequa Iystjualified to assign segments or
su‘bsegments in the ﬁeld base onAespreliminary assessment and on a

homogenization” of geologic conditions in
egment with a limited number of parameters.

of segments and development of cross-sections in the detailed
assessm_ ntdis more rigorous and can be documented.

- Segment allocztion is not correlative between the preliminary and detailed
assessments,

-‘34

- The map data collection effort is less systematized and may be less amenable to
automated processing.
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At this stage of program development, Golder has not had the opportunity to discuss these
alternative formats for the detailed field assessments with SHAMW members. For the
purposes of this Stage 1 report, we have presented both options as a basis for further
discussion during Phase 2 of the program. One of the primary issues which the SHAMW
members should consider in this context is the ultimate use of the datazspecifically whether

gt

7.0 discusses possible
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7. DECISION ANALYSIS SYSTEM

‘ Several options exist regarding the dedision analysis methodology to adopt for this project.
The appropriate option to select depends on the spec:f.c application as svell as on the

inventory would allow for a rough pnonuzatlon of the attentid *za. on each

slope. The highest rated slopes would subsegu:{gtﬂy be treated in "“‘dua.lly in the
’_ﬁﬁes gn based on judgement,

"standard” way, e.g., investigation, analysis
whereas the lowest rated slopes would esse digiignored. The rating could be

based on either 'hazards or nsks" MW*Fg.NsuLmd_cate the
g, whereas the risk rating
ilure modes occurring in

-"n.

conjunction with the potenhal L conseguences 1f STX

dedsion approaches for a s1t§§m' O by hazard Fankin g and by nsk ranking
are llustrated in Flgure 1 a) ArNaTas

+ ldentification of optimized des: ATt enant
could be developed which wou]d%j :

zlternative for each 'mpe, based orvthe, most cost effident minimization of the

bject to b;%getary constraints. This would require an

ciated with each slope ie., the p;obabm’w of va"mus

s,-'m-m.u A dec-icirm methodology

esources {or implementing the selected decision methodology are
espect to the availability of technical "specialists”. Hence, the
methodology d’strive to make the most efficent use of technical specialists, using less
specialized stafi (fe., "generalists”) as much as possible. 1t is thus anticipated that the data
required to conduct a preliminary site hazard assessment will be obtained (primarily in the
ﬁe]a) by generalists. Based on this information, the hazard (or probability of various failure
modes occurring) will be inferred through established algorithms. Depending on the

specific application (as discussed above), as well 2s on the availability of technical specialists,
the primary opdens for subsequent steps are as follows:

imited, espe;

* ror optimizing the desigrn/maintenance acivities for an individual slope, the
primary ophon is whether to conduct site consequence assessments before or after
the detailed site hazard assessments by the technical spedalists. Such site
consequence assessments can be largely conducted by generalists in the office.

i Zzsed on site consequence assessments, some slopes mayv be screened out and not

Golder Associates
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i requlre a detailed site hazard assessment, thus reduc‘mg the amount of work -
requiring technical spedialists. A secondary option is whether to: (a) explicitly
assess the cost effectiveness of the available design/maintenance alternatives the
j (by the technical specialist) in order to calculate the probable, consequences of

: each alternative as the basis for dediding among them; or {5 gmphuﬂy evaluate
the available design/maintenance alternatives and to sele&tithe best alternative,
based solely on the judgement of the technical special: possible dedision
approaches for this case are llustrated in Figure 2. %

" »-A-H

1 + For optimizing the program of desigr/maintenafice activities for a'sg! “of slopes,

i the primary option is whether to evaluate s emﬁt programs or to optimize among
all possible programs. In the first case, th‘ : felternative programs (each
consisting of a spec.ﬁc activity for each §igpe)umuist Be identified and then
explidtly evaluated in terms of the probable ﬁi(s?and consequences combined

~over 21l of the slopes. The program with the be 5 obable consequences; which

is also within budget, would then be selected. Idenss ification of the various

programs and the assessments-' f%;ﬂprobable consequences for each activity for

each slope in a program (as d oye) would involve significant effort by
the = i¢ost effectiveness of each activity
ssessed¥(primarily by technical spedalists, as
e5s would be expressed in terms of the
cesiover all slopes. The opimum combination
can thendz determined automatically for each budget
by constrained optimization routines. This part would
-although they should review the results. The
this case are illustrated in Figure 3.

applied to each slope would ﬁ.rs
) discussed above). 'I'h:.s cost effe

in turn determine the appropriate type, quality and
t be obtained. It is desirable to collect and process as
sible, espedially from the field, to minimize costs and efiort.

ake better decisions, it is desirable to use as much information as
offs must be made between these two objectives, so that the
iformation is obtained and used.
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8. WORK PLAN FOR PHASE 2

8.1 Scope

The following tasks are proposed for consideration in Phase 2 of fieSiope Hazard Project:

Task I Internal Technical Forum

A second one-day internal technical forum will be held fresent the draft P inary and
Detailed Slope Hazard Assessment forms to a cross-s o0 SR of public agency and private
representatives. Specific discussion of the Detaﬂessorm will provide Golder
with guidance relative to the format in which speca};s eanyibe utilized to collect field data.
The forum should also examine the ultimate impleméR: on of the program and the extent
to which dedsion analysis should be incorporated. '

Task 2 Field Verification

Field verification of the assessment meth::é?iogy@sa;:me_i ‘al to the development of the
hazard assessment techniques which will e “Ft is proposed that 2 two-day
workshop be held at a fores camp in pro;amiwgr to a road system with a range of stability

and forest conditions. The@vorisession woulﬁ”gbe organized to have all participants,
including Goider represent

te an interval of roads through the Preliminary Slope

Hazard Assessment {g; 740 the manuals, these assessments will be compiled
and compared in an 0p rizmitoidentifly weaknesses or ambiguities in the process, forms
and manuals. Having npl sted tne‘?whmmary Assessments, 2 set of Detailed

2 to 15 representatives of private companies and public agencies
rification session. These representatives should include individuals
ed generalists and spedalists. It is anticipated that Golder will have

3or4 parhmpan 1 the workshop.

Task 3_Finalize Field Assessment Methodologv

As & result of the second internal technical forum and the field verification workshop,
revisions to the field assessment methodology will be required. Under Task 3, the

preliminary and detailed assessment sheets and the companion field manuals will be
finalized.

Task £ Inventorv Development

A computer data base should be developed which will represent an inventory of the

-

Preliminary and Detailed Field Assessments. It is envisioned that this system would be fully
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integrated with other data bases developed by State or Federal agendes. It is proposed
that a working committee, comprised of road management personne] and Golder
representatives, be established to oversee the development of this computer-based system.
This will ensure that a user-compatible system is produced.

by

The deliverables from this task would require development of a 4
on the strategy adopted, could include the following capabilitie

«  Assigrament of a hazard rating to each mapped seg-m'er;t based™s
preliminary assessment or, if available, detailed _essment.

N

e

+  On-screen display and analysisi thazard rating dater

« For those critical areas that are 1 high hazard:

bility of faliure for 2 preset number of failure

o

of failure data for each segment where available.
each segment.

ventory management would be developed to the level of 2 highly
titable for presentation to senior management.

Task 5 Dedision Arahvdis Methodology
Depending on the*approach that DNR and SHAMW chooses to adopt regarding the
application of decision analysis, the following may be necessary regarding:

«  Hzzards

- Development of an algorithm(s) for assigning a hazard rating to 2 mapped
- segment, e.g., based on the results of 2 preliminary slope hazard assessment,
and specificaion of a threshold of concern.

- Development of an algerithm(s) for estimating the probability of varjous failure
modes for 2 mapped segment, e.g., based on the results of 2 detziled slope
nazard assessment.

Golder Associzates
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.; + Consequences

- Development of a consequence assessment sheet for each mapped segment and
an algorithm for assigning a risk ratmg to a mapped segment, e.g., based on the

conceri.

results of a consequence assessment.

» Design/maintenance activities

heet for various
ped segment.

desi intenance altema ]
igrn/main S i 7%

the results of the cost-effectiven

{ a dedision analysis process is implemented in Phase 2, a verification program should be
developed to test it. This verification would include the determination of consequences of
failure at 2 spenf:c site, and the determination of the cost effectiveness of various
remediaion schemes. Verification of this nature is difficult without a significant lapse of
time with 2 preventive maintenance program in place. The best short-term alternative may
be to "back-analyze" the maintenance that has been performed, or should have been
verformed, on z section of road with 2 significant history of stability probiems.
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8.2 Level of Effort

The level of effort to accomplish the tasks recommended for Phase 2 is dependent upon the
direction and degree of implementation which DNR and SHAMW ele s to adopt.

However, we have developed a tentative level of effort and cost in : which assumes a
full implementation of the tasks we have proposed. This estimate et not include direct
costs such as computing time nor does it include the developmes nt _
preliminary planning, direct costs should add approximately te%'rce“
total labor costs in Table 1. Based upon review of this draft Phase 1 repére aliis
can be revised prior to the execution of Phase 2. Alterr);ﬁggly, the estimategnd budget-to-
complete can be updated at intervals during executiopGifth
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9. SUMMARY

A draft Preliminary Slope Hazard Assessment form and accompanying user’s manual has
been prepared and is in a format suitable for field verification.

Two alternative formats for the Detailed Slope Hazard Assessmentdor have been
prepared. Prior to field verification, these alternatives should bedent ned, by SHAMW/DNR
members as part of the review of this document and in a secofdstechs rum, Based on

the input received, the form will be revised and the user’s manual comple
verification.

The SHAMW committee must direct Golder with r t};};‘%’;@gxg_esired ultimate use of the
systemn. The alternatives include: e .

.‘: ‘t‘% ; '.'o— f
+ A slope inventory system based on hazard (i.e:;pribability of failure) criteria.
A-_ ﬁf'?- -
» A slope inventory system basefl i risk (ie., function’ of both probability of failure

and the possible consequences?
%G

« A slope management system to %{s with preventive maintenance planning,
either with respect to individual & g or a set of slopes (road system).

The selected alternative wil C
study.

R

Respectfully submitted,

William J. Roberds

Prindpal
Wawmne C. Adams Robert L. Burk
Froject Engineer Associate
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TADLEZA

PHASE 2 PRELIMINARY LEVIZL OF EFFONT AND COST ESTIMATE

Cllont: SHAMW/OND
Projocl: Slopn Hazard Assossmaent

orsonanol Adams Ourk Dorshowitz Fuget Norrish  Roberds  Support TASK TASK

TOTAL | TOTAL
o Houns | cosT
o, [Approxdmate bifing rate $55.00 $92.00 $34.00  $50.00 $118.00 $102.00  $44.00
L
> Task No / Dascelplion
o
g 1 Imtarnal Technical Forum i6 12 12 12 4 56| . $4.800
o '
o 2 Flold Assnssmont Vaorllicatlon 40 24 24 24 8 120 | $10,040
t
3 Finalizo U'eld Assnssmont Methodology 40 16 i6 B 24 104 $7.432
4 Invantory Dovelopmaont 80 60 40 6o 10 40 GO 400 1 $29.120
5 Docision Analysis Mothodology ' 200 00 40 80 40 400 80 920 ] $75,160
6 Vallication of Doclslon Analysls 24 8 8 16 8 40 16 120} $9.336
Mothodology
TOTAL HOUNS DY INDIVIDUAL 400 200 B 176 . 140 524 192 1720
TOTAL COST DY INDIVIOUAL $22,000 $10,400 $8,272 $8,800 $16,520 $53,448 $8,440 $135,888
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GOLDER ASSOCIATES TECHNICAL FORUM
' FOR
SLOPE STABILITY HAZARD ASSESSMENT IN FOREST ROAD MANAGEMENT

MAY 6, 1991

ATTENDANCE
&
Bill Roberds Golder Associates (206) 883-0777
Norm Norrish Golder Assodates
Wayne Adams Golder Associates
Marti Spencer Dept. of Nat. Res.
Jim Ward Weyerhaeuser
Jim Hurst Dept. of Nat. Res.
Matt Brunengo Dept. of Nat. Res.
Mary Raines Citizen - SHAMW
Kate Sullivan * “Weyerhaeuser
Dave Beedle Muckleshoot Tr
Tom Koler  ** USES.
Duncan Wyllie Golder Associates
Bob Burk - Golder Assodates
Steve Lowell WS,

" Not present at meetixf
"* Not present at mee]

Seginsiwith self intreduction of each member. Explains that this meeting is

& session” and not a formal presentation. Golder assumes that focus
on 1) Forest or Road Manager or people with earth sciences
-stability problems with-in the road prism. '

K.Sullivan: @y siihe Timber Fish and Wildlife (TFW) organization. Explains the
informal bond between the Forest Practices Board and TFW. The Forest Practices Board
informally advises TFW policy by comumittee or on a consequences basis.
TPW/CIMER’SHAMW rezches decisions by consensus, no voting. Forest Service was not
initially invelved or invited when the SHAMW began meeting in 1986 because members
had to be able to set policy for their company. John Lowell was initially contacted to
represent Forest Service Management. Golder is funded through DNR budget, project may

encompass 3 to 4 vears. Problems have come up with-in the TFW framework concerning
failure to address policy.

I.Koler: Dedision maling process is based on the consequence.

Golder Assoclates
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K.Sullivan: SHAMW wants a product that works [easy to use] and shows that techniques
are effective [in reducing hazard). The main problems;

. to recognize [potential] hazards, field personnel need to he

able to identify
problems espedally during road location. o

. identify exdsting hazards. Engineers feel that the Y2re:aomne a good job but
as seen in the Deschutes Basin, there is a record G e
T.Koler: Issues are 1) Hazard: slope conditions (slope/roadsprism) and 2) RN pbtential
resource damage. <

K.Sullivan: First focus of product should be catast
consequences are very important. '

T.Koler: Lot of rhetoric to deal with stability such as "resh:

clear view on how to put road back to asfmasi-natural” slop

N.Norrish: What are the user's qualif

M.Spencer: DNR-Logging Engineer, h_ave
the DNR with various leve‘; :
locates the roads. Engineer

v é,ﬁearm science training. Seven regions in
@Enaﬂy the field foresters assess P-lines and
¢ws and maintenance.

D.Wyllie: People mayikne tolemsand their locations but not have the technical
beckground to assess. i

J-Ward: Weyerhaeuser is about 96 percent roaded, [so not too many problems will be "new
ground"}.

M.Raines: USFS is [realizing] a rapidly shrinking budget for maintenance [therefore]
becoming more reactive to problems. '

Hurst/K.Sullivan: Final say to zct on proolems rests with the district manager. Engineers
¢ used more in 2 consulting role.

N.Nerrish: Funded through DNR budget.

K.Sullivan: Maintenance vs. Road Design Engineering; very different managers and styles.
Must design something that's atractive.
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B.Burk: Has any hazard mapping been done similar to that accomplished on the Gifford
Pinchot & Olympic N.F.'s?

Group: No organized mapping other than USES.

T.Koler: Need to show managers that they can make dedisions the necessary

experts. USFS is mostly going to 2 recreation base [less emphasi
management/timber harvest}.

L

M.Brunengo: DNR, regulates itself, weyerhaeuser and lgcal 2
ratings do exist: State Soil Survey. Accepted but no whéremnear perfect. Matt in the
process of improving rating system. Currently theredsing p;n’%ng;ﬁzed systemn for handling
problems. Attention goes to the worst [visible] pro _ €5t

areas {to assess stability]:

ae%ﬂy working in three main

. Redefine State Hazard Zonation
. Address stability in an "on<£ail;
. Prioritize by drainage bas

M.Spencer: Northwest Distchssystem uses S If‘_-__or Steep Slopes/Stream Proximity/Road
Proximity. They have fouridasmery poor conéi%ﬁpon. '
P :

T.Koler: Just a matte

'. ‘enough information for the DNR to use the GIS
effecdvely. .

tn, get away from surprises. Need to help engineers have

K.Sullivan: The main probles
; andscape and 2) prevention oriented across scale.

fewer fals ) read the

n? Least common denorninator is most effective but [must] look at

K.Sullivan: [ 'ho will use the system). She often hears that "only the pro’s do
this" instead of "ing existing people have to do this*. Get 25 many people as possible into
this [system of assessment]. Shouldn't assume that [Golder] has to use the existing system.
In her experience the engineers get 80% of the problems, but they need other tools [to catch

the other 20% of the stability problems]. Weyerhaeuser engineers indicate mapping [as the
likely other tool).

M.Spencer: Need machine operator trzining.

TKoler: Must talk to ro2d maintenance crews {to get an idea of the fype and locztion of
probiems].

N Nomish: Sounds like 2 Muld-Staged system is necessary. [Summarizes owr 2-Phased
oroposzl]

Golder Associates
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B.Roberds: Introduces "Current Practice."

N.Norrish: Discusses Golder CP Rail Project

D.Wyllie: Must be able to LD. problem and fix. It is typically not eff Nve to do a little bit

of work in several places.

S.Lowell: WSDOT LD. all unstable slopes. They estimated tha '?5 T30
be reguired to fix stability problems. [The biggest quest:on was) which to’“ﬁx., x st

system was implemented; road type,traffic loads, road upyedance rating, failtss <Hrequency.
Pricritized for maintenance, Using an Expert System )-héﬁs»— Carl Hoh at W.S.U.

T.Koler: USFS Hazard Mappmg is a product of thigestepge ap"lanmng svstem: Forest

Plan/10 year Plan/Timber Sale. Between 10 year Plan ¢ Timber Salé there is a series
of stability analyses.

. LEVEL I MUSLEJWEPP,&IS%@: Hoek & Bray;applied to sale areas at the
Aayered polygon system.

. LEVEL II: SARA apphed to '.,_aﬂ zridors at the transportation planning
' stage (1"=300" typxcal scale). '

. . o
Mainly werk with the
assigned (Integrated Re

d" adjustable and based on needs of maintenance.

: ly & Rice paper; "Estimating Risk of Debris Slides After Timber
Harves: in ?\.0; t California”.
N.Nerrish: Discusses Golder Rock Fall Mitigation Project

K.Sullivan: Inventory? Golder should not assume that 2 computer storage system is not
acceniable,

B.Burk: Svstem must be reasonable.

K. SL van: Must be abie {0 show gooa environmental performance; less frequency of
failes )s‘='*1 will need to be verifiable (gives greater confidence in system). Should also
be ztie 0 coliect knowledge into svstem. Kate could not get a2 good agreement among the

enginzess 1o LD, the problem [conmu:w s;a"ﬂh] but several poinis were mentoned
ncudng ':=u:'get, organizauen, knowledge and process. To get implemented system must
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be "handy" for road managers. LOSS TO ENVIRONMENT is the highest priority of TFW &
SHAMW.

B.Roberds: Asked if we are mainly looking at two user types; Generahsts & Specialists.

K.Sullivan: Spedalist = Tom, Matt or Jim Ward. Generalist = no{/ ]evel but maybe a

Forester or [logging systems] engineer.

B.Burk: {He would define] generalist uses exisﬁng 3 n [to make dedsions] but
spedalists to extrapolate using current information.  ° .

* | PRORITY | LEVELS | USER TYPE E

RATINGS ..

~P-RAIL ' YES 1 SPECIALISTS ’i
WSDOT YES 1 BOTH
JSES/MAP | SEPARATE | 3 | sPEClaLISTS |
NEELY&RICE 4 NO NO 1 GENERALISTS
ROCK FALL YES YES 1 SPECIALISTS 1§
ROAD PAVE YES YES 1 GENERALISTS
SHAMW ENVIRON | YES 2 BOTH i‘;
GOALS | :

CROUP BREAKS FOR LUNCH UNTIL 1300

N.Normish: Fresents "straw-person” questioninaire. Planning to have W.Adams conduct
interviews on a reduced scale from original proposal. Would like to add several SHAMW
meetings 10 scope. Report Phase I on how to proceed.
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Group responses o questionnaire: A-1;various data is used. A-2;mostly reactive and some
proactive in adjacent areas. A4 "mainline or secondary” is used in Weyerhaeuser,
Abandoned;non-road but still get stability problems on the reclaimed land. Orphaned;roads
not used since 1980 for forest practices. .

B.Burk: Presents Factors Influencing Stability, Parameters include
pressure and unit weight.

LreReth, geom_eUy, pore

e

| STRENGTH SEOMETRY
SPECIALIST UsCs SLOPE HT.
SLOPE ANG
EROSION
GENERALIST MATERIAL GEOMORPH
TYPE
ORGANICS SURFACE
CONDITIONS
; m CS5/DNR but there is a correlztion. Training

soil deSeriptions from specialists.
atural slopes and embanlkments?

egories things that we can expect spedialist to plug into a slope
s doubts that specialist will be zble to handle this dats collection].

ome kind of interactive system.

JHurt: Keep in mind [the differences between] existing and new road problems.
Questonnaire won't work if what we want is an inventory.

N.Norrish: Explains purpose of questionnaire. Asks if percentage of problems are in
embankments or cutslopes.

Greup: No consensus, Critical resource damage is a priority.

-Spencer: jguote of the month) "There’s z lot of gravity out there.” Most managers have
L

JWard7.Hurs!: Nesd to get organized methed 1o attack probiems.
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GROUP BREAKS

D.Beedle: Do we suggest that SHAMW inventory everything to fix an area? Tribal land
may not want to do work if not “fixing” something.

increase quantity and quality of info to get increase in tryth,
failure then don't need much reliability. Can note suchZ&fn;
produces zn increase in probability of failure.

B.Roberds: Discusses Consequences.

. SAFETY;transportation,h

. ENVIRONMENTAL

mile,

T.Koler: 2 levels: 1) with-in road prism/unless there’s an increase in sediment to the

drainage 2)number of events per mile. Geotech engineering: 10-50 yd3 inside the road
prism and 200-1000 yd3 outside road pnsm.

M.Spencer: Cost/yvd3 climbs at some rate.

N.Norrish: What if there is an environmental impact? 1f there is wrong doing then it's a
legal matter.

M.Brunengo: Logging practices are assumed to be poor in some areas (Hoh river). Then
jogmng st o ped un‘:d prove that the contractor can prove that they have a better method.

Golder Assoclates
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M.Spencer: Would like to add to C-3 what is average annual maintenance costs,

D.Wyllie: As a decrease in maintenance then can expect an increase in costs to repair. In
questionnaire: Is cost/yd3 independent?

B.Roberds: Discusses Consequences of failure;

. Clean-up costs:Waste/borrow proximity, materi
resources (equipment type), weather/season.

£,

. Loss of Service:Traffic/type & alternativeds

. Loss of Product:Size of failure, Joss T \yce Vilue of what is there) &
(foss of access for fire protection), servy;
Tesources.

e, Timber and non-timber

. Pohtlca.LLo\.a ¥ s Deschutes%ver by Capital}, perception (proximity or
' 'duals)

r: Annual Engme nzMeeting May 22nd & 23rd good time to talk to some
; ihone numbersl]

actors.

Yilliamson (URCS), Reilly (GRC/GRI), Neal (Current Practice in AEQG),
r to WEPP.

M.Brunengc: Must visit his office.
N.Nomrish: Answers to D.Beedle’s auesbons, our interview questions will be different from

those on the current questonnaire. We will have fewer individuals in interviews. Would

like to meet again in one month. M.Spencer will get back to N.Norrish 2bout DNR
meetng.

D.Beedle: Xeep in mind watershed and fisheries management. :

Golder Assoclates
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MEMORANDUM

TO:  FILE, N.Nomish, B.Burk, BRoberds June 28, 1991

FR:  Wayne Adams

RE:  INTERVIEW QUESTIONS (REVISED FROM DRAFT QUESTI@
(913-1121)

A-1.  What sources of information, such as maps, do you use to locate 2 with slope
stability issues?

A-2.  In dealing with slope failures are you reactiv

A-3. Do you use geotechnical analyses and designs? ' yia5 retaining walls or horizontal

~ drains, in dealing with slope failures? s

A,

B-1.  In viewing the following list whataze; important in terms of failures with-
in the road prism?
. unfavorable road location
: mmntenanc‘%%g’gﬁgg%%gs

B-2

B-3a.

B-3b. These failures are mostly which, shallow (< 5 {eet deep) or deep (>5 feet deep)?

51 DELETED

3-5. What volume range are most of your failures? Can assume “failure” to exclude slope
ravel and creep features that would be handled under routine maintenance. Can
also consider failures less than 50 yd® to be part of routine maintenance.

-9

L
~1

What age of roads are associated with failures? (by percentage)

What portions of the vear do you get most of the failures?

Golder Assoclates
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B-8. DELETED
C-1. The most significant damage as a result of failure is which of the following?
. Sedimentation to streams '
. Interrupted road service
. Traffic damage
. Cleanup costs
. Resource loss

. Human health & safety

C-2.  In your experience, what failure volume size ra
C-3a. What is the average annual cost due to slope failur

C-3b. How many miles of road {active & inactive) do ayg on your property?

Mgai-ea? {by pefcent)

air of slope failures?

Slope failures with
. Improved roag
. improved geo

mproved access to geotechnical spedalists
. Geotechnical manual
. Hazard maps or GIS system
W-1. How do you currently see the interaction between maintenance and engineering?
W-2. How do vou curently identify stzbility problems.
W-3. s hazerd mapping feasible/practical?
W~ Do vou have computer capabilides?

W-3 Mow £o vou pricritize maintenance?

Gbi'der Asscciztes
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W-6. On what scale could you implement an inventory?

W.-7. Do you track the slope failure/remediation history?

Golder Assoclates
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